Some physicochemical parameters like temperature, transparency, dissolved solid, suspended materials, turbidity, conductivity, pH, total alkalinity, dissolved oxygen, nitrate, phosphate and salinity of water samples collected at Lekki Lagoon from November 2010 to September 2012 were evaluated. Fifteen locations were selected for water sampling according to the activities that took place in the lagoon. Physical water quality parameters such as temperature, transparency, total dissolved solids and total suspended solid showed strong seasonal and spatial fluctuation. Parameters like conductivity, pH and total alkalinity had relatively constant values among stations though they varied seasonally. Dissolved oxygen, nitrate and phosphate values were within permissible range for fish. Higher salinity values were recorded in wet seasons than dry seasons suggesting that salinity variation at Lekki Lagoon was due to salt incursion from the adjourning Lagos Lagoon and Mahin Creek during rainy season rather than evaporation factor. Salinity range of 1.70 -6.00 psu recorded in this study also shows that Lekki Lagoon is tending towards brackish and this may affect the ichthyofauna composition of the lagoon.
Introduction
Larger percentage of fish being consumed in the country comes from brackish-marine environment [1] . Conditions of the lagoon environment differ greatly from that of the freshwater environment due to continuous varia-I. O. Opadokun et al. 12 tion in the physiochemical and hydrological characteristics of the brackish environment.
Lekki Lagoon, located in Lagos and Ogun states of Nigeria covers an area of nearly 247 km 2 and lies between longitude 4˚00'E and 4˚15'E and latitude 6˚22'N and 6˚37'N [2] [3] . Lagos Lagoon links Lekki Lagoon at the upper part while Mahin creeks link the lagoon at the lower part. River Oni flows into Lekki Lagoon in the north eastern side while Rivers Oshun and Saga flow in from the north western parts [4] [5] . The lagoon is surrounded by many beaches.
Lekki Lagoon is the most important source of affordable animal protein in the form of fish in Epe and IbejuLekki Local Government Areas of Lagos State [6] . This lagoon is the most important source of freshwater fish in Lagos State. The fishery is diverse, highly dispersed and fragmented with about 35 landing sites and more than 3000 fisherfolks [6] . The main occupation of the people in the surrounding communities of the lagoon is fishing [7] .
The mean depth of Lekki Lagoon is 3.1 m, and the maximum depth is 6.4m at low tide [3] [4] [8] . The highest salinity recorded for Lekki Lagoon in 1981 was 0.3 psu [9] which had made some authors to describe the lagoon as fresh [4] [10] . However, recent works [11] on Lekki Lagoon between year 2006 and 2008 recorded fifty-six fish species that had fresh water origin, ten species of marine water origin and eleven species that were of euryhaline origin and concluded that this lagoon formed a link between the brackish and freshwater systems. There is a possibility that changes in the physicochemical parameters of the water among others things are responsible for the changes in the fish species composition of the lagoon. Since there is paucity of information on the current physicochemical composition of the lagoon and its possible influence on the conservation of the ichthyofauna composition of the lagoon, this study becomes imperative.
Materials and Methods
The study area, Lekki Lagoon (Figure 1 ) was monitored from November 2010 to September 2012. Bimonthly field trips were embarked on to collect water samples between the morning hour 9.00 a.m. and 10.00 a.m. in order to determine the physicochemical parameters at the marked sampling points in Figure 1 . The following physico-chemical parameters were investigated: temperature, transparency, total dissolved solid, total suspended solid, turbidity, conductivity, pH, total alkalinity, dissolved oxygen, nitrate, phosphate and salinity. The analysis was done using a combination of in situ and laboratory method [12] .
The sampling methods were time and space stratified. Time stratification covered two dry seasons and two wet seasons. Space stratification was based on the method of Ajani [13] in which the entire lagoon was divided into five zones-mouth, upper, middle, lower and head. Three sampling stations were chosen in each of the five zones giving a total of fifteen sampling stations within the lagoon (Figure 1) . The sampling stations were located using bearings such as major landing sites, shoreline features, fishermen poles and wrecks on the lagoon. The exact sampling locations were fixed using Global Positioning System (GPS) as stated in Table 1 .
Basic statistical analyses such as means, range, standard deviation, t-test and probability levels were used to test the physicochemical parameter data of Lekki Lagoon. One way and two ways analysis of variance were used to find level of significance on seasonal variation while water quality parameters were subjected to Chisquare test of homogeneity.
Results and Discussion
Temperature was relatively high during the study period with a mean of 28.73˚C ± 1.83˚C. This may be due to the shallow nature of Lekki Lagoon (3.0 -6.4 m) according to Kusemiju [8] , which permits the heat of the sun to penetrate deep into the water as well as the regular tidal motion of the lagoon. A similar trend was observed on Lagos Lagoon by Ajani [13] . Dry seasons' temperatures were slightly higher than the wet seasons although the fluctuation was just 1.03˚C and 0.33˚C in the first and second sampling years respectively. Actually this agrees with earlier works [13] - [15] who asserted a slight variation of about 0.5˚C only in the dry and wet seasons' temperature of the lagoon of Southwestern Nigeria.
Temperature range recorded for the sampling period was 26.5˚C -32.1˚C. This is similar to observation of Lawal-Are [16] who recorded a temperature range of 26.5˚C -31.2˚C for Lekki Lagoon, The relatively small temperature range observed in this study also tallied with the observations of some authors [6] [9] [13] . They all noticed that the temperature is a stable environmental factor in the shallow brackish environments of West Africa.
Turner and Millward [17] stated the importance of water transparency in the Lagoons as a main determinant factor of the condition and productivity of an aquatic system and the docility of water for human consumption and recreation. Mean water transparency recorded for the sampling period was 0.65 ± 0.08 m with a range of 0.40 -0.80 m. This range was higher than the observation of Lawal-are [16] who recorded a transparency range [18] who recorded a range of 0.52 -1.04 m and 0.80 -2.13 m respectively. Different readings by all these authors are directly related to the rainfall pattern during the sampling period. Notwithstanding, all these previous works agreed with this study that higher transparency was recorded in dry season and lowest transparency in the rainy season. This could be attributed to higher turbidity during the wet season caused by the discharge of rain water into the Lekki Lagoon which brings debris, suspended particles and disturbance at the bottom [8] .
Total dissolved solid (TDS) and Total suspended solid (TSS) were both higher in the wet season than the dry season. High values of TDS and TSS must have contributed greatly to the low transparency experienced during wet season. Ajani [13] who also recorded low transparency in Lagos Lagoon during wet season attributed this to high quantity of suspended solid materials washed into the lagoon by the run-off from the surrounding rivers. Although this was contrary to the findings of Emmanuel [18] who recorded a higher TDS for dry season than wet season in Lagos Lagoon and attributed this to the proximity of Lagos Lagoon to the sea. Both TDS and TSS had negative correlation with transparency r = −0.26 and −0.28 for both TDS and TSS respectively.
In this study, turbidity was lowest in the dry season (6 NTU) and had highest value in the rainy season (22 NTU). Thus, turbidity and transparency had an inverse relationship. This was in line with the work of Babalola [19] on Kuramo Lagoon in Lagos state who stated that the higher the turbidity, the lower the transparency, and vice versa.
Water conductivity is a measure of the concentration of dissolved solids in water and it gives an indirect dissolved salt content of fluid. The mean water conductivity for the sampling period was 133.41 ± 15.32 μScm −1 with a range of 94 -160 μScm −1 . The lowest water conductivity (94.00 μScm −1 ) was recorded in May 2011 at the onset of rainy season in Station 3; while the highest conductivity reading (160 μScm −1 ) was recorded in September, 2012 at Station 7. Lagoon was relatively rough at this period. A weak positive correlation exist between conductivity and total dissolved solid content of the water (r = 0.22) during the period under review. Seasonal variations in the lagoon water conductivity was significant (P < 0.05), whereas spatial variations was not.
Washington State Department of Ecology [20] reported a conductivity of 56,000 μScm −1 for sea water and stated that conductivity is an indirect index of water hardness. 6 -25 μScm −1 was reported for conductivity in Cross River System [21] , 44 -96 μScm −1 for River Oshun [22] and 46 -96 μScm −1 in the upper Niger River [23] , respectively. Emmanuel [18] reported a conductivity mean value of 27500 μScm −1 for wet season in Lagos Lagoon and 51,400 μScm −1 for dry season because of the lagoon proximity to the sea. He however recorded 466.0 μScm −1 for Lekki Lagoon in dry season, a value which was higher than the one obtained in this study. Babalola and Agbebi [19] reported that the conductivity of Kuramo Lagoon water fluctuate from 582 μScm −1 in wet season to 820 μScm −1 in dry season. pH is a measure of the acidity or basicity of an aqueous solution. An aqueous solution with pH value less than 7 is classified as acidic while the one with a pH value greater than 7 is said to be basic or alkaline. The pH varied between 5.00 and 8.00 with a mean of 6.45 ± 0.89 during the sampling period. This range falls within permissible range for fish culture. The lowest water pH was 5.00 and it was recorded in January 2012 at the peak of dry season in Stations 2 and 4; while the highest pH reading (8.00) was recorded in May and July, 2011 at the peak of rainy season. Seasonal pH variation was significant (P < 0.05) whereas there was no significant difference (P > 0.05) in the mean water pH among different Stations. pH is a very important physicochemical parameter that influences fish performance in water. Several fish will stop growing at a lethal pH and eventually die off in extreme cases.
The measurement of the capacity of water to neutralize acids is referred to as alkalinity [24] . The value of total alkalinity of a water body is very important in determining the ability of such water body to neutralize acidic pollution from waste water, industrial effluents or rainfall. Total alkalinity value for the sampling period ranged between 16.0 -45.0 mg/L with a mean of 20.90 ± 5.70 mg/L. Wet seasons recorded higher alkalinity values than dry seasons; this may be due to run offs from surrounding rocks and soils during rainfall as well as certain plant activities [24] . Mean total alkalinities for 2010-2011 and 2011-2012 wet seasons respectively were 17.90 ± 1.13 mg/L and 26.38 ± 9.32 mg/L. Dry seasons total alkalinities values were 19.73 ± 0.81 mg/L and 19.58 ± 0.77 mg/L for 2010-2011 and 2011-2012 sampling periods respectively. Seasonal variation was significant (P < 0.05) while spatial variation was not (P > 0.05).
The dissolved oxygen (DO) range for the study period was 4.7 -8.0 mg/L. This value still falls within acceptable range for optimal performance of fish. DO ranges of 4.9 -11.2 mg/L, 4.0 -11.2 mg/L and 5.2 -11.8 mg/L were reported for Badagry, Lagos and Lekki Lagoons respectively [16] ; whereas a range of 4.03 -8.93 mg/L was reported for Lagos Lagoon [13] . Thus it appear as if DO is usually high in lagoon probably due to constant tidal waves that ensures mixing of lagoon water, thereby constantly exposing the bottom water to atmospheric oxygen thus ensuring constant diffusion of atmospheric oxygen into the lagoon water.
Fluctuation in the DO was much in the second sampling year (2011-2012) than the first sampling year (2010-2011). Likewise, DO values for the wet seasons were higher than the dry seasons ( Table 2) , an observation similar to what was reported on Lagos Lagoon [13] . These relationships between the DO and rainfall pattern could be as a result of highly oxygenated rainwater that mix with the lagoon water during wet season thus increasing the DO content of the lagoon water. Babalola and Agbebi [19] state that during the dry season, the dissolved oxygen escaped to the atmosphere from the surface of Kuramo Lagoon water due to high temperature because oxygen is sensitive to high temperature. During this period, according to them, aquatic plants compete for dissolved oxygen in the water for respiration although this can be gotten back as a product of photosynthesis during the day time. During the wet season however, the dissolved oxygen in Kuramo Lagoon increased as a result of dissolved atmospheric oxygen from rain water and high wind current.
Phosphate and nitrate did not show distinct seasonal variation but did show spatial variation. Highest value of Nitrate 0.39 ± 0.22 mg/L and Phosphate 0.36 ± 0.18 mg/L were recorded in Zone E while Zone A had the lowest Nitrate 0.18 ± 0.15 mg/L and Phosphate 0.15 ± 0.09 mg/L. Nitrate 0.12 ± 0.02 -0.48 ± 0.15 mg/L and phosphate 0.14 ± 0.09 mg/L -0.29 ± 0.14 mg/L were recorded in dry and wet seasons respectively. Bulk of the nitrogen might be from agricultural fields or deposition of raw sewage into the lagoon while phosphate addition could be from detergent rich sewage effluents. Phosphate and nitrate showed almost positive relationship in all locations and the relationship was significant.
Salinity range for the study period was between 1.70 and 6.00 psu. The lowest salinity (1.7 psu) was recorded in November 2011 at Station 5 while the highest salinity (6.00 psu) was obtained at Station 13 in July 2011. The highest salinity recorded by Kusemiju [9] for Lekki Lagoon was 0.3 psu and Williams [25] as cited by Trewavas [10] and Fawole [4] described the lagoon as fresh. However, this recent study confirms the works of Lawal-Are [16] and Emmanuel [18] who reported a range of 0.00 to 3.10 psu and 0.007 to 4.70 psu respectively for Lekki Lagoon. They identified two major sources of saline water incursion into Lekki Lagoon which were Lagos Lagoon and Mahin Creek. Waljeski [26] in a similar work on Rodeo Lagoon in California reported salt water intrusion into Rodeo Lagoon by subsurface flow through the barrier beach from the ocean and leaching of ions through lagoon bottom sediments.
The seasonal salinity variation during the wet and dry seasons was quite high ( Table 2) . Analysis of the seasonal salinity variation showed that the mean salinity for dry seasons were 2.53 ± 0.47 psu and 2.63 ± 0.63 psu in 2010-2011 and 2011-2012 sampling periods respectively while wet seasons mean values were 3.83 ± 0.93 psu Table 2 . Means of the major physicochemical parameters recorded in the two sampling years (2010-2011 and 2011-2012 [16] concluded that it would appear that Lekki Lagoon is beginning to experience a low brackish water regime instead of being completely fresh water. Salinity as an important ecological factor has been known to have a great effect on the biotic life in aquatic ecosystem because each fish species has a salinity range where they can operate. Blaber [27] reported that egg development of some fish species occurred at certain salinity ranges and any departure from such ranges will have serious negative effect on the growth and development of the fish. Thus, freshwater fish species like Gymnarchus niloticus, Mormyrus rume and Parachana obscura which are predominant in Lekki Lagoon [11] could have their existence in the lagoon threatened if the saltwater incursion into the lagoon should continue. ANOVA showed that although the seasonal variation was significant (p < 0.05), spatial variation (among different stations) was insignificant (p > 0.05). This means that there were not much variation in the salinity values at different sampling locations during the sampling period although much variation existed within the sampling months (period).
Conclusions
This study confirms stability in the physical and chemical factors of Lekki Lagoon. The spatial distributions were relatively stable while there was a distinct seasonal variation in most cases. The highest salinity value of 6.00 psu recorded in this study is more than the highest values reported by earlier works which are 0.3 psu, 3.10 psu and 4.70 psu respectively [9] [16] [18] . This could mean that Lekki Lagoon is now experiencing a low brackish water regime instead of being completely fresh water. This brackish level tends to be increasing every year apparently due to continuous saline water incursion from the two ends of the lagoon-Lagos Lagoon and Mahin Creek. This would eventually change the ichthyofauna composition of the lagoon.
There should be regular monitoring and study of the physical and chemical state of the Lekki Lagoon environment in order to provide a basis for an informed decision on sustainable management of the lagoon.
